INTRODUCTION {#s1}
============

Coronavirus disease 2019 (COVID-19), which is caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) viral strain, spread rapidly in New York City starting in March of 2020. COVID-19 put unprecedented pressure on the health care system of New York because hospitals diverted substantial human and physical resources to meet rising critical care demands. In particular, many resources normally used to provide orthopaedic care were repurposed, including anesthesia providers, operative and nursing staff, operating rooms, and postanesthesia care units. These reallocations limited the capacity of many hospitals to continue providing urgent orthopaedic care. Therefore, nonessential orthopaedic care was deferred, and essential care required new pathways established to transfer patients with essential urgent orthopaedic conditions to specific centers that were equipped to continue providing orthopaedic care during the pandemic.

Elderly patients with hip fractures were considered to have essential orthopaedic needs and represented a particularly challenging patient population in this context. Patients with hip fractures typically have a high comorbidity burden, thereby increasing their risk of morbidity and mortality due to COVID-19.^[@R1],[@R2]^ Furthermore, patients with hip fractures are at increased risk of developing nosocomial pulmonary infection because of the need for hospitalization and limited ambulatory capacity.^[@R3],[@R4]^ Several unique considerations arose in the context of caring for patients with hip fracture in New York City during the pandemic. These included regular transfer of patients between hospitals, minimizing the risk of SARS-CoV-2 exposure in patients who did not present with COVID-19 infection, stabilizing patients preoperatively who were acutely ill due to COVID-19, and intervening promptly to minimize mortality and potentially improve the respiratory capacity of affected patients.

Two recent studies from China^[@R5]^ and Italy^[@R6]^ described the clinical characteristics of fracture patients with COVID-19 infection. These studies highlighted the high comorbidity burden and poor prognosis of this group. However, these studies were descriptive case series that did not compare patients with COVID-19 to those without COVID-19. A more recent study from Spain found a mortality rate of 30.4% in patients with hip fractures who tested positive for SARS-CoV-2 compared with 5.3% in those testing negative or not tested.^[@R7]^ In light of these recent studies, the purpose of this study was to provide further assessment of hip fracture outcomes during the COVID-19 pandemic in the United States, with a focus on identifying differences in mortality and complications among COVID-positive (COVID+) patients relative to those who were not COVID-positive.

PATIENTS AND METHODS {#s2}
====================

Study Design and Setting {#s2-1}
------------------------

A multicenter retrospective cohort study was conducted to evaluate outcomes in patients older than 65 years of age with hip fractures (OTA/AO 31, 32.1) treated during the COVID-19 pandemic. A descriptive case series was also performed to evaluate trends in the inflammatory response among patients with hip fracture during the perioperative phase of care. Findings were reported in accordance with the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) checklist for retrospective cohort studies.^[@R8]^

All patients with hip fractures (OTA/AO 31, 32.1) admitted to 1 of 2 hospitals in New York City over a 5-week period from March 20, 2020, to April 25, 2020, were identified retrospectively. March 20, 2020, was chosen as the start date because this was the first date an orthopaedic patient was tested for SARS-CoV-2 at one of the hospitals. One of the hospitals is a Level 1 trauma center, and one of the hospitals is an orthopaedic specialty hospital without an emergency department. In the setting of the pandemic, the Level I trauma center became overburdened with the management of patients with COVID-19, as their operating rooms were largely converted to intensive care units (ICUs) and their anesthesia providers and operative staff were diverted to critical care roles. In this context, the roles of the 2 hospitals changed substantially with regard to managing acute orthopaedic trauma, with operative injuries being routinely transferred from the emergency department at the trauma center (as well as other hospitals throughout New York) directly to the orthopaedic specialty hospital, which was equipped to provide essential orthopaedic care during the pandemic. Therefore, patients presenting with hip fractures to both hospitals were included in this study.

Excluded from the study were patients with high-energy trauma, periprosthetic fracture, pathologic fracture, age less than 65 years, or revision surgery for prior hip fracture.

Patients were stratified into COVID+ and non-COVID cohorts based on SARS-CoV-2 testing status (positive, negative, or not tested). Patients in the COVID+ and non-COVID groups were compared in the primary analysis. Patients who tested negative for SARS-CoV-2 but were "presumptive positive" as documented by hospitalist evaluation were incorporated into a secondary analysis, which included "presumptive positive" patients in the COVID+ group. This was performed to account for the limited sensitivity of the real-time reverse transcriptase polymerase chain reaction (rRT-PCR) test for SARS-CoV-2 virus in patients with a high pretest probability of COVID infection.^[@R9]^

Outcomes {#s2-2}
--------

The primary outcome was inpatient mortality. Secondary outcomes were complications and unexpected pulmonary conditions and included documented neurovascular injury, hematoma, superficial or deep infection, wound dehiscence, deep vein thrombosis, pulmonary embolus, pneumonia from any cause, cerebral vascular accident, myocardial infarction, cardiac arrhythmia, urinary tract infection, blood transfusion, decubitus ulcer, admission to the ICU, and respiratory distress requiring intubation.

Covariates {#s2-3}
----------

Demographic, clinical, and functional variables were extracted from the electronic medical record, including age at presentation, sex, body mass index, baseline domicile, ambulatory status, comorbidities, smoking status, American Society of Anesthesiologists (ASA) score,^[@R10]^ and the calculated Charlson Comorbidity Index.^[@R11]^ Variables related to the timing of care were also collected, including presentation delay (number of days from injury to the first presentation to any hospital), treatment delay (number of hours from the first presentation to any hospital to the time of surgery), and whether the patient required a transfer from a hospital or outpatient/urgent care center. Variables related to the injury and surgery were collected, including fracture type, mechanism of injury, laterality, fixation method, surgical duration, and anesthesia type. Postoperative ambulation, length of stay, and discharge disposition were also assessed.

For all patients, COVID-related data points were collected, including SARS-CoV-2 testing status, preoperative and postoperative COVID-related symptomatology, laboratory test results, and imaging results. COVID-related symptoms included new-onset cough, dyspnea, anosmia, fever (\>38°C), and new oxygen requirement. Preoperative and postoperative laboratory test results were also compared between COVID-positive and non-COVID groups.

Patient Characteristics {#s2-4}
-----------------------

Sixty-three patients with proximal femur fractures were initially screened, yielding 59 patients for inclusion in the study sample. Patients were excluded for the following reasons: periprosthetic fracture (n = 3) and revision surgery for prior hip fracture (n = 1). Nine of the 59 (15%) patients had a positive result on SARS-CoV-2 nasopharyngeal rRT-PCR. In most COVID+ patients, their status was known preoperatively (7 of 9, 78%). Forty patients tested negative and 16 were not tested. Details of the timing, preoperative or postoperative, are presented in Table [1](#T1){ref-type="table"}. Of 40 patients who tested negative preoperatively, 7 underwent a second test postoperatively and 1 tested positive. This patient was considered positive for all analyses. Therefore, 9 patients were considered in the COVID+ group and 50 patients were considered in the non-COVID group for the primary analysis. One patient who tested negative postoperatively was considered in a secondary analysis as "presumptive positive" because of documentation in the electronic medical record of COVID-related death, despite a negative test earlier in his/her hospitalization.

###### 

SARS-CoV-2 Nasopharyngeal RT-PCR Testing Results Among the Study Sample
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Statistical Analysis {#s2-5}
--------------------

Patient characteristics between the 2 cohorts were compared using the Fisher exact test for categorical variables and the *t* test and Cohen\'s d or the Wilcoxon rank-sum test for continuous parametric or nonparametric variables, respectively. Normality was assessed with the Shapiro--Wilks test. Inpatient mortality and complications were analyzed through univariate logistic regression. Data are presented as mean (SD) if they are normally distributed, as median (first quartile, third quartile) if they are not normally distributed, and as a count (percentage) if they are categorical. Given that all covariates and outcomes assessed were documented as the standard of care in the electronic medical record, there were minimal missing data (\<5%) for all demographic and clinical characteristics. Patients missing laboratory values were excluded from the analysis of the laboratory data. A 2-sided *P* value of \<0.05 was used. R statistical software (Vienna, Austria) was used for statistical analysis.

Ethical Approval {#s2-6}
----------------

The study was approved by the institutional review boards of both hospitals under study.

RESULTS {#s3}
=======

Comparison of Demographics and Fractures {#s3-1}
----------------------------------------

Baseline demographic characteristics were similar between the study groups (Table [2](#T2){ref-type="table"}). The majority of patients were women (n = 44; 75%), and the mean age was 85 years (range 65--100 years). ASA scores were worse in the COVID+ group (d = −0.83; *P* = 0.04); however, the Charlson Comorbidity Index was similar between the study groups (d = −0.17; *P* = 0.71).

###### 

Clinical and Demographic Characteristics of the Study Sample
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Fracture and treatment characteristics were similar between the study groups (Table [3](#T3){ref-type="table"}). The most common fracture type was a 2- or 3-part intertrochanteric fracture with an intact lateral wall (31A1.2 and 31A1.3) (n = 24; 41%). The most common surgical procedure was placement of a cephalomedullary nail (n = 36; 61%).

###### 

Fracture and Treatment Characteristics of the Study Sample
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COVID-Related Presentation {#s3-2}
--------------------------

COVID+ patients were more likely to present with preoperative hypoxia requiring supplemental oxygen (44% vs. 6%; *P* = 0.008) (Table [4](#T4){ref-type="table"}). Radiographic evidence of atypical pneumonia (eg, bilateral interstitial infiltrates) on presentation was seen in 4 (44%) of the COVID-positive patients, 1 of whom was asymptomatic. In addition, radiographic evidence of atypical pneumonia was seen in 4 asymptomatic individuals who tested negative and 2 asymptomatic individuals who were not tested.^[@R12]^

###### 

Preoperative and Postoperative Signs, Symptoms, and Imaging Results
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Mortality {#s3-3}
---------

Overall, inpatient mortality was 11.9%. Five of the 9 tested COVID+ patients died, all of COVID-related disease. Four of the 5 were 85 years of age or older, and all had multiple comorbid diseases known to affect survival in COVID-positive patients (Table [5](#T5){ref-type="table"}). Two of the 5 died before operative intervention because of respiratory failure and were not intubated. Both patients had existing Do Not Resuscitate/Do Not Intubate orders. The 3 other deaths in the COVID+ group occurred between postoperative days 8 and 21. All 3 of these patients were intubated for COVID-related lung disease between postoperative days 4 and 6 and ultimately died (Table [5](#T5){ref-type="table"}). The one presumed positive patient was 91 years old with dementia, hypertension, hyperlipidemia, and diabetes mellitus, became acutely hypotensive on postoperative day 1, and went into asystole later that day. Of the 4 surviving COVID+ patients, 2 were discharged on postoperative days 6 and 8 and 2 remained admitted. A comparison of baseline comorbidities between COVID+ patients who were alive versus died is provided in **Supplemental Digital Content 1** (see **Table**, <http://links.lww.com/JOT/B93>).

###### 

Summary of Patients Who Died
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One COVID-negative patient (not presumed positive), age 92 years, with comorbidities including coronary artery disease status post drug-eluting stent placement, atrial fibrillation with a pacemaker, hypertension, hyperlipidemia, hypothyroidism, and chronic renal insufficiency had a cardiac arrest intraoperatively during hip hemiarthroplasty treatment for his/her unstable femoral neck fracture under general anesthesia and died in the postanesthesia care unit.

Inpatient mortality was significantly increased among COVID+ patients (56% vs. 4%; odds ratio 30.0, 95% confidence interval 4.3--206.9; *P* = 0.001). This difference in mortality was accentuated by including the one "presumptive positive" patient in the COVID+ group (60% vs. 2%, odds ratio 72.0, 95% confidence interval 7.9--754; *P* \< 0.001).

COVID-Related Complications {#s3-4}
---------------------------

Postoperative hypoxia occurred in 18 patients and was more common in the COVID+ group (83% vs. 26%; *P* = 0.011). Three of 9 (33%) COVID+ patients required intubation and admission to the ICU on postoperative day 4 (n = 1) and postoperative day 6 (n = 2), and all 3 died (see **Table**, **Supplemental Digital Content 2**, <http://links.lww.com/JOT/B94>). Of the 4 surviving COVID+ patients, 3 had postoperative hypoxia that resolved during their admission, none were intubated, and none required ICU admission. By contrast, no patients in the non-COVID cohort required intubation and 1 patient required admission to the ICU for acute-on-chronic heart failure on postoperative day 1. COVID+ patients were more likely to be treated for pneumonia (67% vs. 10%, *P* = 0.001). There were no differences noted between the 2 groups in terms of deep vein thrombosis, myocardial infarction, arrhythmia, urinary tract infection, decubitus ulcer formation, and transfusion. No patients were found to have neurovascular injury, hematoma, superficial or deep infection, wound dehiscence, pulmonary embolus, or cerebrovascular accident. No patients were treated with COVID-19--specific modalities, including remdesivir, hydroxychloroquine, steroids, proning, or convalescent plasma.

Laboratory Analysis {#s3-5}
-------------------

Laboratory analysis (see **Tables**, **Supplemental Digital Contents 3 and 4**, <http://links.lww.com/JOT/B95> and <http://links.lww.com/JOT/B96>) revealed changes in several values between specimens drawn on admission compared with those drawn on postoperative day 2. Preoperatively, COVID+ patients had lower absolute eosinophil (d = −0.66; *P* \< 0.01) and basophil counts (d = −0.55; *P* = 0.02) compared with the non-COVID patients. Postoperatively, the COVID+ patients had a lower absolute monocyte count than the non-COVID patients (d = −1.05; *P* = 0.01), despite being similar preoperatively (*P* = 0.35).

DISCUSSION {#s4}
==========

This study raises several important concerns regarding hip fracture patients with concomitant COVID-19. First, despite having similar comorbidity profiles, COVID+ hip fracture patients were at a much greater risk of inpatient mortality than those without COVID-19. This difference was further emphasized after accounting for a "presumptive positive" patient whose death was attributed to sequelae of suspected COVID-19. It is important to note that although 5 of 9 COVID+ patients died, 4 of 9 only had mild postoperative hypoxia requiring supplemental oxygen through nasal cannula, which resolved during their admission. In addition, our study highlights characteristic presenting signs and symptoms of hip fracture patients with concomitant COVID-19, including hypoxia and bilateral interstitial infiltrates on chest radiography.

Our finding of elevated inpatient mortality among COVID+ hip fracture patients is consistent with the results from China and Italy, which demonstrated early mortality rates among fracture patients of 40% and 44%, respectively.^[@R5],[@R6]^ Importantly, the former study included 10 patients in total, 6 of whom had hip fractures (50% died) and 6 of whom had RT-PCR evidence of confirmed COVID-19 infection, with the rest diagnosed by findings on CT scan consistent with possible COVID infection. Furthermore, our results corroborate recent data from Europe comparing patients who tested positive for COVID-19 with those testing negative or not tested.^[@R7]^ These data demonstrated a 30.3% 14-day mortality rate among COVID+ hip fracture patients compared with 10.3% among those who tested negative and 2.7% among those not tested.

Screening patients is important in ensuring that health care workers and patients are appropriately protected before, during, and after surgery.^[@R13]^ Published SARS-CoV-2 RT-PCR test metrics demonstrate a limited sensitivity of 32%--72%, suggesting a high false-negative risk.^[@R9]^ Furthermore, our study showed that patients who initially had negative RT-PCR tests for COVID infection later tested positive or developed severe symptoms in the acute postoperative period. Given these findings, care should be taken to protect the health care workforce and observe "COVID precautions" perioperatively for any patient with a high likelihood of infection regardless of preoperative test results, in line with previously described guidelines.^[@R13]^ It is also possible that patients may have been exposed to SARS-CoV-2 after surgery. To the extent possible, reducing inpatient hospital stays for all patients with hip fractures is critical to reduce the risk of spreading COVID-19 and reducing mortality in this vulnerable population. In our attempts to decrease hospital stay, we drastically changed our discharge practices early in the COVID-19 pandemic to discharge patients earlier in their hospital course (eg, postoperative day 0 or 1); however, we recognize that the effort to minimize SARS-CoV-2 exposure may have been at the expense of discharging too early and missing typical perioperative complications.

Although there are abundant data highlighting the importance of timely surgical intervention in patients with hip fractures, COVID-19 status should play a role in the decision making regarding timing of surgery.^[@R14],[@R15]^ Recent studies suggest that mortality in COVID+ patients might be due to virally driven hyperinflammation, a "cytokine storm," which corresponds to dramatic elevations in multiple inflammatory markers.^[@R16],[@R17]^ A cytokine storm can lead to widespread organ failure, and the inflammation induced by an acute fracture or the surgery to repair the fracture could further exacerbate inflammation in acutely ill COVID+ patients.^[@R18]--[@R20]^ Thus, there may be a role for monitoring inflammatory markers and potentially delaying surgery until the inflammatory markers downtrend, although identifying a threshold level at which point it is "safe" to perform surgery may pose a secondary challenge. This approach would balance the need to stabilize the patient with the potential second-hit from surgery in the acute stage of COVID-19. Targeted immunotherapies or antiviral medications, which could directly reduce specific inflammatory factors induced by a fracture that can also exacerbate a cytokine storm, could be beneficial. Regional anesthesia and long-acting blocks may also play an important role in the temporization of hip fracture care during the acute inflammatory stage of COVID-19 before definitive fixation.^[@R21],[@R22]^ Another important point related to surgical planning is how the informed consent discussion must be tailored to a patient with COVID-19. Acknowledging an elevated mortality rate during the informed consent process will likely influence the patient\'s and family\'s decisions regarding temporary or permanent comfort care and the possibility of delayed surgical intervention. Overall, further study will need to better elucidate the optimal surgical timing for COVID+ hip fracture patients and whether medical interventions can be administered before surgery to reduce mortality.

We acknowledge the limitations of this study. First, despite the multicenter nature of this study, the number of COVID+ patients was low. Therefore, the degree to which analyses can elucidate clinical factors associated with poor outcomes is limited. Second, the current study uses patients treated during the pandemic as a comparison group. This group represents an estimate of the baseline of care during the pandemic but does not represent the true baseline of care before the pandemic. Third, we limited our analysis to patients who tested positive for COVID-19. Other studies have highlighted the limited sensitivity of the SARS-CoV-2 rRT-PCR test^[@R9]^ and the need to evaluate potential missed cases in individuals with clinical and/or radiologic evidence of COVID-19.^[@R5]^ Given the high likelihood of asymptomatic COVID-19,^[@R23]^ it is possible that some patients in the sample had asymptomatic COVID-19 and were not tested or developed COVID-19 after a negative test and were not tested.

CONCLUSIONS {#s5}
===========

This multicenter retrospective cohort study demonstrated that hip fracture patients with concomitant COVID-19 infection had similar comorbidity profiles with significantly increased rates of inpatient mortality compared with those who tested negative or were not tested. Further studies are necessary to identify modifiable factors in patient care that can potentially lead to better outcomes in this high-risk population.
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